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Objectives: To determine the degree of neovascularisation i  the wail of abdominal aortic aneurysms in comparison to 
atherosclerotic control aortas, and to correlate the angiogenic response with the extent of the cellular inflammatory 
infiltrate. ,_v 
Design: Histopathological study. 
Materials: Aortic samples were obtained from patients with abdominal aortic aneurysms and from atherosclerotic 
controls. 
Methods: Samples were stained with haematoxylin and eosin, and Miller's elastin and Van Gieson stain, EVG, and a 
monoclonal antibody specific to human endothelial cells. Within the aortic wall three histological regions were defined, the 
media, the adventitia nd a transition zone. The number of capillary like, thin walled vessels were measured in each region, 
and the cellular infiltrate was quantified. 
Results: The number of newly formed vessels was increased in all layers of aneurysmal wail in comparison to control 
samples (p < 0.001). The degree of neovascularisation correlated with the extent of the inflammatory infiltrate (r s = 0.45, 
p < 0.01). 
Conclusions: This study demonstrated that abdominal aortic aneurysms are associated with a marked angiogenic response, 
which is related to the degree of inflammation within the aortic wall. It is hypothesised that anti-angiogenic agents may play 
a role in the medical management of aortic aneurysmal disease. 
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Introduction 
Angiogenesis, the formation of new capillaries from 
pre-existing blood vessels, is central to many devel- 
opmental and pathological processes, including 
embryogenesis, inflammation and tumour metastasis. 
Recently, the role of neovascularisation in arterial 
disease processes has begun to receive considerable 
interest. Angiogenesis has been described as an 
important event in atherosclerosis, with endothelial 
proliferation I and the development of new capillary 
vessels within the atherosclerotic plaque itself) It has 
been suggested that complications arising from these 
fragile newly formed vessels may be responsible for 
plaque haemorrhages and vasospasm in the coronary 
circulation. 3 
Angiogenesis involves a complex series of steps 4
with initial degradation of the extracellular matrix 
facilitating endothelial migration and proliferation 
from established vessels, under the influence of 
*Please address all correspondence to: Mr M. M. Thompson, 
Department of Surger~ Clinical Sciences Building, Leicester Royal 
Infirmary, Leicester LE2 7LX, U.K. 
specific angiogenic factors. Simultaneous inflamma- 
tion and an influx of macrophages may accelerate his 
process which is completed by differentiation of the 
newly synthesised capillary bud into a mature vessel. 5 
The increased production of proteinases i essential 
for endothelial migration, 6 and it is this feature, 
together with the associated inflammatory reaction 
which makes angiogenesis of relevance in aortic 
aneurysmal disease. 
Abdominal aortic aneurysms are characterised by 
degradation of the extracellular matrix, with an 
increased protein turnover, a reduction in elastin 
concentration a d an increase in collagen content. 7-~3 
These biochemical abnormalities are associated with 
an increased expression of metalloproteinases and a 
heavy inflammatory infiltrate. 14--19 As yet, little atten- 
tion has been directed towards the role of angiogene- 
sis in aneurysmal disease. In the normal aorta media, 
vasa vasorum are sparse 2° and nutrition relies upon 
diffusion from the lumen. However, several reports 
have suggested an increased number of vasa vasorum 
associated with aneurysmal dilatationY -23 This study 
aimed to determine the extent of neovascularisation in 
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abdominal aortic aneurysms, and to correlate this 
response to the degree of inflammatory infiltrate. 
Methods 
Collection and preparation ofaortic samples 
Human infrarenal aortic aneurysm samples were 
collected at the time of operative aneurysm repair. 
Samples were collected from the aortic wall 4 cm distal 
to the left renal vein to standardise the sample 
collection point. None of the aneurysm patients had 
peripheral aneurysms or a familial history of aneur- 
ysmal disease. Normal aortic specimens were sim- 
ilarly collected from age matched individuals at 
autopsy, and in these cases the aortic diameter was 
less than 2.3 cm. All control patients had macroscopic 
evidence of aortic atherosclerosis but had no sympto- 
matic evidence of peripheral vascular disease, and 
died of causes unrelated to peripheral atheroma. The 
median ages of the aneurysm and control patients 
were 69 years (range 63-80 years), and 67 years (range 
58-74 years) respectively. The median aneurysm 
diameter was 6 cm (5-14 cm). 
Tissue samples were stored in 10% formal saline 
(BDH, Merck Ltd, Poole, U.K.) for at least 18 h prior to 
processing to paraffin wax. The wax embedded tissue 
was serially sectioned to 4/zm thickness. Sections were 
stained with haematoxylin and eosin, Miller's elastin 
and Van Gieson stain, and with a monoclonal anti- 
body to endothelial cells (QBEND 10, Serotec, Oxford, 
U.K.). An indirect avidin-biotin complex immunoper- 
oxidase technique was used for localisation of QBEND 
10. 
each sample, and the number of capillary like vessels 
quantified by a modification of previous methods. ~4'a5 
The number of capillary like vessels per high powered 
field were determined by two independent observers 
on the anti-endothelial stained sections. Only blood 
vessels consisting of a single endothelial layer with no 
supporting musculature were included in the analysis 
(Fig. 1). Vessels with a definable structure and mor- 
phology e.g. adventitial arteries and veins were 
excluded, as were vessels containing blood cells but 
without a positive endothelial stain. Similarl)~ only 
vessels een directly end on in the histological sections 
were quantified. In this stud)~ only vessels with an 
identifiable lumen were counted as microvessels. 
Samples were also graded on haematoxylin a d eosin 
sections from 0-3 according to the extent of white cell 
infiltration, 0 representing no infiltration, 1 mild 
infiltration, 2 moderate infiltration and 3 severe 
infiltration according to established methodsY 
Statistical nalysis 
Continuous variables are presented as medians with 
interquartile ranges. Statistical analysis uses non 
parametric methods throughout. 
Results 
Light microscopy 
The arterial samples demonstrated characteristic 
appearances. The control aortic samples all exhibited 
Analysis of samples 
The aortic wall was divided into three histological 
regions for analytical purposes, the media, the adven- 
titia and a transition zone. The media and adventitia 
were conventionally delineated, but in addition, a 
transition zone was demarcated around the external 
elastic lamina, which was often difficult to define in 
aneurysmal tissue where extensive degradation had 
occurred. The transition zone was defined as the area 
between regions that could be definitively identified 
as media or adventitia. 
Each sample was viewed at 400 × magnification. 
Sixteen randomly selected high power fields were 
analysed for each of the three histological regions in 
Fig. 1. Light micrograph tlustrating a high powered ( × 400) field of 
an aneurysm stained with QBEND 10. Note several small thin 
walled vessels, urrounded by a heavy inflammatory infiltrate. 
Reproduced here at 507o. 
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severe complicated atheromatous plaques on the 
luminal surface. The media and adventitia were easily 
identified, and the media was composed of a series of 
elastic lamellae with interspersed collagen and 
smooth muscle cells. In these samples the transition 
zone was composed of a thin area of the outer media 
and inner adventitia (Fig. 2.(a)). 
Aortic aneurysms were characterised by a demon- 
strable loss of medial elastin and a widespread 
inflammatory infiltrate, in addition to complicated 
luminal atherosclerosis (Fig. 2 (b)). 
Neovascular isat ion - interobserver error 
Interobserver ranges of agreement were measured by 
plotting the difference between the number of vessels 
(a) 
(b) 
Fig. 2. Light micrograph of a control aorta (a) and an aortic 
aneurysm (b). Magnification × 40. EVG stain. Reproduced here at 
50%. 
quantified by each of the observers, against the 
corresponding mean for each sample 26 (Fig. 3). The 
differences between the two observers were between 
-8 and + 7 vessels, and the 95% range of agreement 
was -2.5 to + 4.4. 
Neovascular isat ion 
The number of capillary like microvessels in aneur- 
ysmal and control aortic samples is illustrated in Fig. 
4. Overall there was a significant increase in the 
number of vessels in the aneurysmal tissue as com- 
pared to the atherosclerotic control aortas (W = 37748, 
p < 0.001, 95% CI 2-3.5 - Mann Whitney test). The 
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Fig. 3. Bland-Altman plot of the difference in vessel number 
between two observers against he mean number of vessels. (m) 
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Fig. 4. Graph illustrating the number of capillary-like microvessels 
in aneurysmal nd atherosclerotic control tissue. Values are medians 
with interquartile ranges. 
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number of vessels was increased in all three histo- 
logical regions, but did not reach statistical sig- 
nificance in the media (media: W = 3792, p = 0.077, 95% 
CI -0.001 - 1.0; transition zone: W = 4644, p < 0.001, 
95% CI 2.5 - 6.0; adventitia: W = 4390, p < 0.001, 95% CI 
3.5 - 5.0). The median density of capillary like vessels 
was respectively 1.3, 3 and 6 times greater in aneur- 
ysmal than control tissue in media, transition zone 
and adventitia. 
Inflammation 
The extent of the inflammatory response in aneur- 
ysmal and atherosclerotic control aortas is illustrated 
in Fig. 5. Overall there was a significant increase in the 
degree of white cell infiltration in aneurysmal tissue 
(W= 39411, p < 0.001, 95% CI 1.0 - 1.0) which was 
evident in the media, transition zone and adventitia 
(media W=4251, p<0.001, 95% CI 0.0001 - 1.0; 
transition zone: W = 4426, p < 0.001, 95% CI 1.0- 0.99; 
adventitia W = 4598, p < 0.001, 95% CI 1.0 - 1.0). 
In aneurysmal tissue, there was a significant correla- 
tion between the extent of the inflammatory infiltrate, 
and the number of unicellular vessels per high power 
field (r s = 0.45, p < 0.01, Spearmans rank correlation 
(Fig. 6). 
Discuss ion 
This histological study has demonstrated that abdomi- 
nal aortic aneurysms are associated with neovascular- 
isation in all layers of the arterial wall, and that the 
degree of neovascularisation was closely associated 
with the extent of the inflammatory infiltrate. This 
partly confirms the findings recently reported by 
Holmes et al. 25 who in a similar histological ~tudy 
demonstrated that the density of medial microvessels 
in aneurysms was 15 times greater than observed in 
non-atherosclerotic control aorta, and three times 
greater than in patients with aortic occlusive disease. 
The increase in neovascularisation was also closely 
associated with medial inflammation. The proportion- 
ately larger increase in neovascularisation reported by 
Holmes et al. may be attributable to the use of 
transplant donors as controls, with a mean age of 36 
years as compared to 70 years for the aneurysmal 
tissue. 
Neovascularisation is a complex process which 
leads to the formation of a mature capillary network 
from pre-existing blood vessels. The induction of 
angiogenesis requires dissolution of the capillary 
basement membrane and local degradation of the 
extracellular matrixY This process requires the local 
action of proteolytic enzymes which may be derived 
from tissue macrophages or from the capillary endo- 
thelial cells themselves. 5'2s Endothelial cell migration 
and proliferation occur in response to specific angio- 
genic growth factors. The most potent growth factors 
are fibroblast growth factor, transforming growth 
factor, ~, epithelial growth factor, platelet derived 
growth factor, tumour necrosis factor-alpha (TNF-a) 
and angiogenin. 29 Recently, it has been suggested that 
vascular endothelial cell growth factor/vascular per- 
meability factor (VEGF/VPF) may be the principle 
regulator of normal and tumour angiogenesis. 3° Neo- 
vascularisation is associated with a marked increase in 
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Fig. 5. Graph illustrating the extent of inflammation i aneurysmal 
and atherosclerotic control tissue. Values are medians with inter- 
quartile ranges. 
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Fig. 6. Graph illustrating the correlation between the extent of white 
cell infiltrate and the degree of angiogenesis in aneurysmal tissue. 
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capillary permeability 31 which may enhance the 
recruitment of inflammatory cells to the angiogenic 
site. 
The microenvironment of the aneurysmal wall 
would appear to be an ideal site for inducing 
neovascularisation, although the present study was 
not able to determine whether angiogenesis was an 
effect of aneurysm development or an aetiological 
factor. Aneurysms are characterised by an expansion 
and thickening of their adventitia. In experimental 
conditions, arterial dilatation is accompanied by a 
wound healing process which encompasses prolifera- 
tion of the vasa vasorum. 32 This response is presumed 
to be due to ischaemia in the outer layers of the 
arterial wall, a state which may well exist in the 
thickened aneurysmal tissue. In addition, abdominal 
aortic aneurysms have a marked inflammatory infil- 
trate 33-35 which is a potentially rich source of angio- 
genic mediators. Pearce et al. 36 demonstrated that 
aneurysmal tissue contained a higher concentration of
TNF-cx than atherosclerotic control aorta, whilst Koch 
et al. 37 similarly reported an increased production of 
interleukin-8 (IL-8). Both of these factors are able to 
induce endothelial cell migration, 23 and thus may be 
regarded as angiogenic factors. 
This study has demonstrated that angiogenesis 
occurs within abdominal aortic aneurysms. The for- 
mation of new blood vessels has been implicated in 
atherogenesis, 1-3and it may be hypothesised that this 
process may be important in the development of 
arterial aneurysms. Two of the most important differ- 
ences between atherosclerotic and aneurysmal tissue 
are manifest in the enhanced proteolytic apacity and 
increased inflammatory infiltrate within aortic aneu- 
rysms. Neovascularisation may be intimately 
involved in both processes. 
Davis et al. 21 demonstrated a threefold increase in 
intercellular adhesion molecule-1 (ICAM-1) expres- 
sion within the aortic walls of patients with abdominal 
aortic aneurysm, compared to atherosclerotic controls. 
The cells expressing ICAM-1 were endothelial in 
origin and were located in the adventitial vasa 
vasorum. ICAM-1 expression is crucial to the attach- 
ment and migration of leukocytes across the endothe- 
lial monolayer into the extracellular space. 38 It has 
been suggested that the endothelial expression of 
adhesion molecules enhances recruitment of inflam- 
matory cells into the aneurysm wall, and neovascular- 
isation will exacerbate his process. 
The inflammatory infiltrate is central to aneurysm 
development and progression. Macrophages ecrete 
numerous cytokines which further increase adhesion 
molecule xpression, promote neovascularisation a d 
stimulate metalloproteinase expression. 39Newman et 
al. 17 demonstrated that matrix metalloproteinase-9 
(romp-9), and MMP-3 were primarily expressed by 
macrophage like cells within the aneurysmal aortic 
wall, and it remains probable that these cells are the 
major source of the enhanced proteolytic activity 
within abdominal aortic aneurysms. 
The primary aetiologic event leading to aneurysm 
formation remains difficult to define. Angiogenesis, 
however, may play a significant role in this process by 
recruiting a macrophage rich infiltrate and also be 
degrading the extracellular matrix prior to endothelial 
cell migration and proliferation. Degradation of the 
extracellular matrix may cause elastin derived pep- 
tides to be liberated which in turn may stimulate 
further metalloproteinase expression by smooth mus- 
cle cells and macrophates. 4°'41 Antiangiogenic agents, 
such as specific growth factor antagonists, may offer 
potential therapeutic opportunities in patients with 
small aortic aneurysms. 
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